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ARTICLE INFO ABSTRACT

Article History Balazard prospecting area is located in eastern Iran, about 120 km south-
Received: 10 September 2023 West of Nehbandan in the Central part of Lut Block. This area consists
Revised: 23 October 2023 of exposed Eocene volcanic rocks, intruded by several diorite and
Accepted: 25 October 2023 monzodiorite dykes and stocks. These intrusive rocks display

porphyritic textures with mm-sized phenocrysts, most commonly of
plagioclase, clinopyroxene and hornblende, embedded in a fine-grained
groundmass with variable amounts of plagioclase, quartz, and opaque
Keywords minerals. The assessment of geochemical properties of the major
elements showed that these granitoids are metaluminous and of high-K

Geochemistr
4 calc-alkaline variety. The patterns of trace elements are identical,

Subduction Zone

Balazard denoting enrichments in the light REE (LREE) to heavy REE (HREE).
Nehbandan Moreover, LILE enrichment relative to HFSE and Nb, Ti, and P show
Lut Block negative anomalies. The Eu/Eu* ratios range from 0.96 to 0.76, which

means that the plagioclase is a slag remnant in the origin of magma. The
(87Sr/86Sr)i values of the assessed intrusive rocks range from 0.706 to
0.707, assuming an Oligocene age, while the eNdi values are between -
1.9 to -3.2. These results manifest that the magmas were contaminated
by continental crust. The contamination has probably occurred over the
ascent of magma to crustal levels, and geochemical data verifies the
preposition that the investigated intrusions were intruded in a volcanic
belt resting on a subduction zone. Early magmas were created through
*Corresponding author the melting of mantle wedge peridotite, occasioning magma
differentiation through crystal fractionation and crust contamination as
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EXTENDED ABSTRACT

Introduction

Balazard prospecting area is located 120 km of the
south-west of Nehbandan in South Khorasan
Province, Iran. The area is part of the volcanic-
plutonic belt known as Lut Block, which owns an
elongated shape stretched north-southwardly.
Nehbandan Fault forms the eastern boundary of Lut
Block. Thisis while it has been bordered by the Great
Kavir Fault in the north, and by Nayband Fault in the
west. The southern part of the block is likely defined
by South Jazmourian Fault. Karimpour et al. (2012)
argue that ~65% of the rocks cropped out in Lut
Block are volcanic and plutonic. The magmatic
activity of Lut Block initiated over the Middle
Jurassic, particularly between 165-162 million years
ago, which was associated with the intrusion of
Shah-Kuh batholith (Esmaeily et al., 2005). This
activity reached its highest level over the Tertiary
period, particularly over the Middle Eocene
(Arjmandzadeh & Santos, 2014). Over half of Lut
Block is overlain by volcanic and subvolcanic rocks
of Tertiary. These rocks show a thickness of up to
2000 m. They have been developed as a result of
subduction before the collision between the Arabian
and Asian plates (Berberian & King, 1981).

There is a perceptible potential for a variety of
mineralization in Eastern Iran and particularly in Lut
Block, which is due to its past tectonism as a
subduction zone that led to extensive magmatic
activity. The Middle Eocene to the Early Oligocene
(30-39 million years ago) is perceptible, particularly,
in respect of magmatism and mineralization
(Karimpour et al., 2012). Karimpour et al. (2012)
believe that a great deal of the magmatism and
mineralization events in eastern Iran have occurred
over the Tertiary. However, mineralization
associated with Cretaceous magmatism has also been
identified, such as Sn-Cu mineralization observed in
Cretaceous monzonitic rocks in Kalateh Ahani
(Karimpour et al., 2012). Here we present new
geochemical data (elemental and isotopic) from
shallow intrusive rocks, with the aim of providing a
more detailed understanding of the petrogenetic
processes and geodynamic evolution of Lut Block.

Material and methods
A total of six samples from unaltered intrusive rocks
at Balazard prospecting area and representing the

main lithologies were grabbed to chemically analyze
major and trace elements through petrographic
assessment. Major and trace elements were
determined using fused disks and a Philips PW 1410
spectrometer through wavelength-dispersive X-ray
fluorescence (XRF) spectrometry. The chemical
analysis was undertaken at Amethyst Laboratory in
Mashhad, Iran. Inductively Coupled Plasma-mass
Spectrometry (ICP-MS) was applied to analyze four
of the samples for trace elements at Acme
Laboratories in Vancouver (Canada). The samples
were tested by a lithium metaborate/tetraborate
fusion and total digestion with nitric acid prior to
analysis. Four whole-rock samples of Balazard
granitoid rocks were analyzed for their Sr and Nd
isotopic compositions at the University of Aveiro's
Laboratory of Isotope Geology in Portugal.

The ground samples were treated with a HF/HNO3
solution in Teflon Parr acid digestion bombs, which
were heated at 200°C for three days. The ultimate
solution was evaporated and the samples were then
dissolved in HCI (6.2 N) in acid digestion bombs and
dried again. The elements were purified before being
analyzed by means of a two-stage conventional ion
chromatography technique: a) Sr and REE elements
were separated in an ion exchange column by AG8
50W Bio-Rad cation exchange resin; b) Nd was
purified from other lanthanides by means of columns
with Ln Resin (EIChrom Technologies) cation
exchange resin.

All reagents that were applied to prepare the samples
were sub-boiling distilled, and the water was
produced using a Milli-Q Element (Millipore)
apparatus. Sr was loaded onto a single Ta filament
with HzPO4, while Nd was loaded onto a Ta outer
side filament with HCI in a triple filament
arrangement. The 8Sr/%Sr and 43Nd/***Nd isotopic
ratios were determined using a Multi-Collector
Thermal lonization Mass Spectrometer (TIMS) VG
Sector 54, with data acquired in dynamic mode and
peak measurements at 1-2 V for %Sr and 0.5-1.0 V
for 4Nd. The Sr and Nd isotopic ratios were
corrected for mass fractionation relative to ®Sr/%Sr
= 0.1194 and Nd/**Nd = 0.7219. While the
investigation was in progress, the SRM-987 standard
yielded an average &’Sr/®Sr value of 0.710266 + 14
(conf. lim 95%, N = 13) and a *3Nd/***Nd value of
0.5121019 £+ 75 (conf. lim 95%, N = 12) in
comparison to the JNdi-1 standard.
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Result and discussion

Balazard intrusive rocks consist of diorite, quartz
diorite, and quartz monzodiorite, and exhibit
characteristics typical of high-K calc-alkaline rocks
from a volcanic arc setting. The primitive mantle-
normalized trace element spider diagrams display
significantenrichmentin LILE, including Rb, Sr, Ba,
Zr, Cs, and Th, and depletion in some HFSE, such as
P, Nb, and Y. Chondrite-normalized plots exhibit
LREE enrichment and a significant La/Yb
fractionation.

Balazard granitoid rocks have (8'Sr/Sr)i values that
vary between 0.7064 and 0.7066. In terms of isotopic
compositions, Balazard granitoid rocks have eNdi
between -1.9 and -3.2. The geochemical data are
commensurate with the settlement of the investigated
intrusions in a magmatic belt above a subduction
zone suggesting contamination through being
exposed to the continental crust during magma

ascent to crustal levels. Balazard granitoid rocks
display a range of (87Sr/®¢Sr)i values between 0.7064
and 0.7066. Additionally, the isotopic compositions
of the rocks show eNd; values ranging from -1.9 to -
3.2. These geochemical characteristics suggest that
the investigated intrusions were emplaced in a
magmatic belt above a subduction zone and were
subsequently contaminated during magma ascent to
continental crust.
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Fig. 1. A: Location of the Balazard prospecting area in the east of Iran, B: Simplified geological sketch map of the Lut

Block and location of Balazard prospecting area on it.
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Fig. 2. Subvolcanic intrusions intruded into Eocene volcanic porphyry units in the Balazard prospecting area (view to the

north).
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Fig. 2. Geological map of Balazard prospecting area (Miri Beydokhti et al., 2014).
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Px. Hb. diorite porphyry, E) Px. Hb. Qz. diorite porphyry, F) Qz. diorite porphyry. Abbreviations from Whitney and
Evans (2010). (Qz: quartz; Kf: K feldspar, Hbl: hornblende, Plg: plagioclase, Cpx-: clinopyroxene).
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Table 1. Major (wt. %) and trace elements (ppm) data for the Balazard granitoid rocks. Abbreviations: (Dph) Diorite

porphyry, (Mzdph) Monzodiorite porphyry.
Sample No. B11 B12 B17 B20 B16 B7
Rock type Dph Mzdph Mzdph Mzdph Dph Dph
Long. 59° 4' 48" 59°3'7.8" 59°3'8.3" 59° 4' 45" 59° 51" 59°4'8.2"
Lat. 31° 10' 46" 31°11' 25" 31°11' 26" 31°10' 48" 31°10' 44" 31°9' 9"
Major elements (wt.%)
SiO; 57.61 49.51 49.57 51.75 56.37 56.95
TiO; 0.85 0.95 0.98 0.93 0.86 0.75
Al>03 14.56 17.34 17.27 14.49 15.59 16.14
FeOt 8.24 9.04 9.34 9.04 7.81 7.56
MnO 0.16 0.16 0.16 0.2 0.16 0.18
MgO 4.7 5.84 5.75 6.29 4.98 5.35
Cao 5.22 7.51 7.71 6.48 7.42 6.08
Na.O 2.68 4.2 4.1 2.54 2.75 2.89
K20 3.18 154 1.62 3.38 2.22 1.41
P20s 0.26 0.3 0.32 0.27 0.31 0.28
LOI 2.25 2.64 2.2 3.17 1.32 2.17
SOs 0.11 0.72 0.74 1.23 0 0
Total 99.8 99.75 99.76 99.77 99.79 99.76
Trace elements (ppm)
Ba 460 262 270 495 - -
Hf 4.7 2 15 35 - -
Ta 0.8 0.4 04 0.6 - -
Cs 19 145 16.3 20.3 - -
Co 171 23.9 24.3 17.8 - -
Nb 10.7 5.5 5.3 7.1 - -
Sr 521 654.3 648.5 480.2 - -
Rb 1141 44.8 45.8 117.2 - -
Zr 155.7 75.1 80.4 1211 - -
Ga 171 18.4 18.6 16.6 - -
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Table 1 (Continued). Major (wt. %) and trace elements (ppm) data for the Balazard granitoid rocks. Abbreviations:
(Dph) Diorite porphyry, (Mzdph) Monzodiorite porphyry.

Sample No. B11 B12 B17 B20 B16 B7
Rock type Dph Mzdph Mzdph Mzdph Dph Dph
Long. 59° 4' 48" 59°3'7.8" 59°3'8.3" 59° 4' 45" 59°5'1" 59°4'8.2"
Lat. 31°10' 46" 31°11' 25" 31°11' 26" 31°10'48" 31°10'44" 31°9'9"
Trace elements (ppm)

Y 35 2.5 2.6 2.1 - -

Th 9.8 3.1 31 6 - -

U 2.2 0.8 1 15 - -

La 26.4 12.8 13.8 20.8 - -

Ce 55.3 28 279 411 - -

Pr 5.92 3.4 3.58 4.82 - -

Nd 24.5 12,5 13.2 20.1 - -

Sm 431 3.22 3.18 4.12 - -

Eu 1.07 0.99 1.02 1.05 - -

Gd 4.29 3.06 3.45 3.73 - -

Th 0.58 0.51 0.5 0.56 - -

Dy 3.72 2.94 3.02 3.57 - -

Ho 0.76 0.56 0.59 0.74 - -

Er 1.77 1.81 1.59 2.01 - -

Tm 0.34 0.22 0.26 0.3 - -

Yb 1.83 1.72 1.82 1.72 - -

Lu 0.29 0.22 0.21 0.29 - -

Eu/Eu* 0.76 0.96 0.94 0.82 - -

(La/Yb)n 9.73 5.02 511 8.15 - -

(Yb)n 8.76 8.23 8.71 8.23 - -
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Fig. 5: Plot of granitoids of Balazard on the total alkali vs. SiO, diagram (Middlemost, 1994)
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Fig. 6. K20 vs. SiO; plot of the Balazard intrusive rocks (Peccerillo and Taylor, 1976).

DOI: 10.22067/ECONG.2023.83438.1083

Y

¥ oslad (10 o35 VY (bl wlid


https://doi.org/10.22067/econg.2023.83438.1083

e 55585 Slaos g g5l mn; oSl 5N ST o 5551 ¢ gond ot s an)llae OKes 5 e (6 e

o~
o Diorite porphyry
I-tpr S-type e Monzodiorite porphyry
Nel
Metaluminous Peraluminous
w
N
g
=
o
o
- .3 o | v ==
) Peralkaline
(=] T T I
0.6 0.8 | 1.2 1.4 1.6 1.8 2
A/CNK

(Shand, 1969) 5,30 o3 gtoes (53 55 (lady r.:.'.:a_,.‘T o s 5l 505 Y IS

Fig. 7: A/ NKvs. A/ CNK diagrams of the Balazard intrusive rocks (Shand, 1969).
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Fig. 9. Tectono-magmatic discrimination diagrams for the Balazard intrusive rocks (Pearce et al., 1984). WPG: within-
plate granitoids; VAG: volcanic arc granitoids; ORG: ocean ridge granitoids; syn-COLG: syn-collisional granitoids.
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Fig. 10. Tectonomagmatic discrimination diagrams for the Balazard granitoid rocks (Schandl and Gorton, 2002).

DOI: 10.22067/ECONG.2023.83438.1083 Y osled 08 6555 VP Y (oslal wlid o

o


https://doi.org/10.22067/econg.2023.83438.1083

e 55585 Slaos g g5l mn; oSl 5N ST o 5551 ¢ gond ot s an)llae

Q‘)&A}é’-u\fsﬂﬁ

P y—at) (P olie (Fp Gl p 53 Sk o e
Sl g, 3150 b YT Jlie Ol 55 425 53 o0 GBS ol
Ti Nb zals” 5 b 5l sBa K Rb ol 2l Sl
(sl e sMe (Reichew et al., 2005) s>, s & Zr 5 Y
Slosli ey S sl S35 5IND it (g jlniali
St eliie b gl ite g luial ol ol (ol
Slan gy 390 L LS e opl (YT 51 50 U155 o ¢ juie o)
6 by e bkses 3Py Ti Fuals sl s v I s
LSl ST 5 o sla ol e SIS s 5 5l
Ti & s, (Pearce and Parkinson, 1993) .|
U ACHIN B FEBRVRP PNCCH § P PO S TP
bl Lol Nb i JLe 5T (Wilson, 1989) ¢,
S 5 S bl ol OT e JLsiT 5 il 5

Ll

50w glbrosls plulyaS OlaS ole 55 s s
4 o (Sun and McDonough,1989) Csb sse¢Se
Wlods 0313 0LES VY s 53 el Hlonigs ad gl ans S
ND b5 8505 Olie S b uolis 53 oabein Sub &
obe s Sus b blis ys 5545 eotal saTi 4P
oaus Th 5 Cs Ba Rb K Sr L 78,5 0y b g
Sl olie 5 LILE sle j5 Sas sé 05 d o
LSk sbalis JIHFSE —ole js Sas g 5 S
Rollinson, 1993; Pearce, ) &—ul zily5,5 055 L L e
YU Ol i b wle Sas 5 .(1983; Gill, 1981
LS Gl i s S5 5laS TisP Nb L
VG SRS WX o ORIV K - FRV] - P V.- TN
3 A kS OT Y S5 s 8 ol 0l 95 o 5L
Saunders et al., ) sl glawy sl LLSL YT L

Sl g sl U 2YT (1992, Nagudi et al., 2003

1000

100

Sample/Primitive Mantle

O Diorite porphyry
e Monzodiorite porphyry

| | | | |
Cs Rb Ba Th U Nb K La Ce Pb Pr Sr P

| | | | | |
Nd Zr Sm Eu Ti Dy Y Yb Lu

.(Sun and McDonough, 1989) ;i aJsl ax (slaesls .adsl ax b o sloeigs 3,590 (3585 lres 5 OlaS ole 558 Jlasei V) S

Fig. 11. Primitive-mantle-normalized trace element patterns for the Balazard intrusive rocks. Normalizing values are from

Sun and McDonough (1989).
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Fig. 12. Chondrite-normalized REE patterns for the intrusive and volcanic rocks of the Balazard district. Normalizing

values are from Boynton (1984).
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Table 2. Magnetic susceptibility of the Balazard intrusive rocks

Lithology Susceptibility (x10-SI)
Hornblende diorite porphyry 2194
Quiartz diorite porphyry 1941
Pyroxene Hornblende diorite porphyry 880
Quartz monzodiorite porphyry 964
Pyroxene Hornblende quartz diorite porphyry 651
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Table 3. Rb-Sr isotopic data of the Balazard intrusions.

SRb/EESY

87Sr /%8Sy

Sample  Sr (ppm) Rb(ppm) 8 Rb/*Sr Error (25) 87Sr/®Sr Error (25) (®'Sr/eSr)i eSri
B11 521.0 114.1 0.634 0.018 0.706940 0.000020 0.706643 31
B20 480.2 117.2 0.706 0.020 0.706880 0.000021 0.706549 29.6
B17 648.5 45.8 0.204 0.006 0.706483 0.000013 0.706387 27.3
B12 654.3 44.8 0.198 0.006 0.706489 0.000024 0.706396 27.5

Note:8Rb decay A= 1.42x10tyear™ (Jacobsen and Wasserburg, 1980). The initial ratio of 8Sr/%Sr and *43Nd/***Nd ratios

were calculated an age of 33 Ma, based on the Rb—Sr data (Arjmandzadeh and Santos, 2014).
255V (65585 Glaes 5 SM-NA ;55551 slaesls ¥ J9u

Table 4. Sm—Nd isotopic data Balazard intrusions.

Nd Sm 147 144 143N\ /144
Sample 147Sm/1*Nd Ef:gf’ (ZNS)d 143N d/A4“Nd E:’\:i/r (ZNS;j eNdi TDM
(ppm)  (ppm)
B11 245 431 0.106 0.006 0.512460 0.000016 -3.10 863
B20 20.1 412 0.124 0.007 0.512458 0.000015 -3.20 1020
B17 13.2 3.18 0.146 0.008 0.512517 0.000017 -2.15 1193
B12 12.5 3.22 0.156 0.008 0.512533 0.000020 -1.88 1105

Note: 14’Sm decay A= 6.54x10? year?; The!*Nd/***Nd and'*’Sm/***Nd ratios of chondrite and depleted mantle at present
day are 0.512638 and 0.1967, 0.51315 and 0.2137, respectively (Jacobsen and Wasserburg, 1980). The initial ratio of
87Sr/88Sr and “3Nd/***Nd ratios were calculated an age of 33 Ma, based on the Rb—Sr data (Arjmandzadeh and Santos,

2014).
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Fig. 14. eNd; — &Sr; diagram for the Balazard intrusions. Data for Dehsalm granitoid rocks from (Arjmandzadeh and
Santos, 2014) and for Chah-Shaljami granitoid rocks from (Arjmandzadeh et al., 2011).
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Fig. 15. Schematic sketch depicts possible formation model of the tectonic setting and crust—-mantle interaction of the

Balazard intrusive rocks.
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